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The cultivation of adult skin has been pre-
viously accomplished by two main methods. The
flotation of thin slices of epidermis together with
the underlying dermis on the surface of a fluid
medium, as first used by Medawar (1) and sub-
sequently modified by Cruiekshank (2), results
in migratory activity and no outgrowth. Cultiva-
tion in plasma clots as exploited chiefly by
Pomerat and his associates (3, 4) and by Earle
et at. (5) gives rise to an outgrowth of epithelial
cells but overgrowth by fibroblasts is common.
The success of trypsinization methods for the
cultivation of kidney and glandular epithelium,
and Billingham's demonstration by grafting
technies of the viability of cells obtained by
similar methods (6), suggested that the cultiva-
tion of epidermal cells free from dermal elements
might be possible. This study is concerned with
the method of obtaining such cultures from adult
guinea pig ear skin and with preliminary observa-
tions of the nature and behaviour of these cells.
MATERIALS AND METnons
Most of the experiments were made with guinea
pig skin, obtained by cutting thin slices from the
dorsum of the ear which had been anointed with
Nystatint the previous day. A few cultures have
been made from human skin.
The skin slices were floated for 30 minutes at
37° C. on a 0.15% solution of trypsin 1/250 (Difco)
in the buffer-salt solution recommended by
Dulbecco and Vogt (7). Thereafter they were
removed, placed keratin side down in a Petri
dish and the dermis lifted off with fine forceps.
The epidermis was then stirred in a small amount
of culture medium. Tbis method of trypsinization
results in the loosening of the cells at the dermo-
epidermal junction and scraping the epidermis
gently releases a suspension of epidermal cells.
The culture medium consisted of 60% Hanks
balanced salt solution containing 0.5% lactalbu-
mm hydrolysate, and 40% of horse serum. Anti-
biotics penicillin, streptomycin and tetracyelin
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were included to final concentrations of 120 zg/ml.,
48 pg/mI., and 12 pg/ml. respectively.
It was found that for approximately 60 mg.
wet weight of skin slices, 1.5—2 ml. of medium
was required. This gave a thick suspension of
about 5 X 106 cells/ml.
The cells were cultured mainly in the Pcrspex
culture chamber described by Cruickshank et at
(8). In this chamber 0.2 ml. of medium containing
cells is held against the under surface of a cover-
glass by a transparent central pillar and is sur-
rounded by a gas phase in a peripheral moat. The
gas-phase for the first three days is 30% 02 in air
and subsequently air alone. For the first 24 hours
the chamber is incubated coverglass down so that
the cells may attach themselves to the glass.
Subsequently the position is reversed for micros-
copy, photography or cinemicrography. Subcul-
tures are made by withdrawing the medium and
adding trypsin solution. After 30 minutes incuba-
tion at 37° C. shaking the chambers produces a
cell suspension. To this suspension is added an
equal volume of culture medium and the cells
are then distributed to two fresh chambers.
RESULTS
1. Early Appearances
At 24 hours the appearances of the cultures
are uniform. Many cells have flattened and have
become attached to the coverglass. The dendritie
cells, pigmented or otherwise, appear most active
at this stage. Frequently a continuous network of
cells is formed—clumps of adherent cells being
attached to the glass by the more active periph-
eral cells (Fig. 1). A large proportion of the inocu-
lated cells do not survive, remain rounded and
are washed away at the first 'feed' at 24 hours.
At this stage dendritie cells, Malpighian cells and
the occasional maerophage may be recognised.
It is not possible to differentiate with certainty
between the dendritie cell and the epidermal cell
under all circumstances as in the early stages the
dendritie cell often shows no processes. When
fully developed, however, it is unmistakable even
in the non-pigmented animal. It may have up to
20 processes frequently with multiple branching.
Often one process is considerably larger than the
others and may extend for as much as 2 mm. from
the cell body giving an appearance like the elassi-
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extension does not branch. If a dendritic cell is
present the epidermal cells become attached to
the processes of the dendritic cell which appears
to act as a binding agent. The bodies of many of
these cells become rounded and apparently
keratinised. The extensions however do not
retract and the rounded bodies and long exten-
sions are very persistent. It is believed that this
is part of the keratinisation process and further
studies are in progress. No cell has been observed
in division at this stage.
2. Later Appearances
During the first tbree weeks a simple type of
cell appears. This is flattened, has short processes,
and contains numerous small fat droplets. Inter-
mediate stages between the newly isolated epi-
dermal cells and this primitive cell have been
observed. These cells appear simultaneously in
several foci and divide rapidly to form continuous
sheets (Fig. 4). Pigmented dendritic cells have
been observed to impart pigment granules to
these cells. Once these cells have appeared, sub-
culture becomes increasingly necessary.
Dendritic cells have been observed inter-
mingled with these sheets but during the first
cal description of the nerve cell. Processes are
extended and retracted. In cells from pigmented
animals spots of pigment are often left behind on
the glass after retraction. Sometimes whole
processes break off without any ill effects on the
main cell body. The delivery of pigment granules
from the end of a proboscis-like process into a
non-pigmented cell has been observed.
The detailed cytology of the pigmented den-
dritic cell is obscured by the mass of pigment
granules in the cytoplasm (Fig. 2). The appear-
ance of the non-pigmented dendritic cell is more
easily observed (Fig. 3). It has a small nucleus
frequently surrounded by an area of dense cyto-
plasm. From this central area radiating cords of
dense cytoplasm extend and branch both within
and outside a clear cytoplasmic envelope. The
clear cytoplasmic envelope disappears towards
the extremities of the dendrites. It is possibly of
note that when the envelope is no longer visible,
the processes tend to break off.
At the time of isolation, the epidermal cells
(kcratinocytes) appear as elongated cells similar
to the classical description of a fibroblast. They
have however a polar tendency and the long
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few weeks it has been so far impossible to follow
their progress. However in several cultures at
about two months a further type of cell has been
observed. This is like a dendritic cell only smaller
and with shorter processes. Cells of this type
increase in number though less rapidly than the
epidermal cells. They do not form sheets but
their processes join with those of other cells
sometimes to give a reticular appearance (Fig. 5).
The cytoplasm of these cells is very dense by
phase contrast. In many of these cells there are
granules dense to both phase contrast and bright
field illumination and about the same size as pig-
ment granules. In addition they usually have
one or two fat droplets in juxtaposition to the
nucleus. It is believed that these cells are den-
dritic cells possibly in a more primitive form.
Once this type of cell has appeared, subculture
of dendritic cells becomes necessary but is less
reliably accomplished.
DISCUSSiON
As far as can be ascertained there have been
no reports of the successful cultivation of adult
epidermis free from dermal elements. The advan-
tages of this technic for studying the biology
of epidermal cells and their responses to various
physical, chemical and microbiological environ-
ments are obvious. The initial lag period during
which both dendritic and epidermal cells remain
in a quiescent state is of some interest. A similar
situation has been described by Pulvertaft (9)
in cultures obtained by trypsinizing thyroid
gland. The subsequent appearance of rapidly
dividing cells in epithelial sheets is also described
in thyroid gland cultures by Pulvertaft who on
several grounds including virus susceptibility
regards them as transformed cells. Whether it is
justifiable to describe the tissue culture cells of
later epidermal cultures as true transformed cells
seems doubtful. Although they have now been
passed through several subcultures for over six
months they appear to retain their 'social rela-
tionships' and have a somewhat erratic multipli-
cation pattern. The same considerations apply to
the late proliferating dendritic cells. It is of note,
however, that a proliferative growth of pig-
mented cells has not been obtained. In non-pig-
mented animals the non-pigmented dendritie
cells appear to be present in about the same num-
bers as the pigment cells from pigmented skin,
thus confirming the histological observations of
Billingham (10). However in young cultures the
dendritie cells from the so-called albino guinea
pig develop a slight degree of pigmentation indi-
cating that the pigment-producing capacity is not
entirely lost. Ginsberg (11) has shown that pig-
mentation may be produced in the wlute, red-
eyed guinea pig by various physical stimuli. The
later appearing dendritie cells however have not
been observed to produce any pigment. Whether
they have in fact lost this capacity is a matter for
further study. It is somewhat surprising however
that special reference has not been made pre-
viously to the dendritie cell by workers who have
cultured whole skin, as cells of this lineage appear
to be particularly prominent when epidermis is
cultured by our method.
Earle et at (5) drew attention to the varying
morphology of epithelial cells in tissue culture.
In particular, the varying degree of cohesiveness
which they manifested and the tendency towards
more typically epithelial growth after subculture
were of interest and have been observed also in
our cultures.
Earle et at (5) however were troubled by the
growth of fibroblasts particularly since it is
known they may assume an epitheloid growth-
pattern on glass and attempted to eliminate
these by using immune globulins. The method
by which our cell suspensions were obtained,
although it possibly does not exclude fibroblast
contamination, certainly greatly reduces the
chances of its occurrence—in fact a typical fibro-
blast growth was obtained in only one of very
many cultures.
Further experiments are in progress to deter-
mine the effects of grafting back the cultured cells
at various stages of growth.
During the course of this work there appeared
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the report of Wheeler et al (12) describing the
results of trypsinizing human skin. Their experi-
ence seems to have been somewhat different in
that they obtained in the majority of their roller-
tube cultures very little growth, but from one
they isolated a strain of cells similar to the HeLa
cell. In well over a hundred trypsinizations of
guinea pig and human skin no such strain has
emerged in this laboratory.
SUMMARY
1. A method is described for culturing adult
epidermal cells.
2. This is based on preparing a cell suspension
by trypsinization and subsequent cultivation in
a simple chamber with good microscopic prop-
erties.
3. Two distinct types of cell appear and multi-
ply—epithelial and dendritic cells.
4. Tnitial observations of the behavior and
morphology of these have been made.
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